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(54) AROIUIATIC POLYAMIDE FILM LAMINATE, PROCESS FOR PRODUCING THE SAME, AND 
MAGNETIC RECORDING MEDIUM 

(57) An aromatic polyamide film laminate compris- 
ing at least two biaxially oriented films formed of an aro- 
matic polyamide, wherein (1) a film layer A. which is the 
outermost layer of the laminate, contains inorganic par- 
ticles produced from hydroxides or carbonates of at 
least one metal of the groups la and lla of the periodic 
table, the inorganic particles having an average particle 
diameter of 80 to 1.500 nm, and has a surfece rough- 
ness (Ra^) of 1 to 20 nm, and (2) a film layer B. which Is 
the layer opposite to the layer A of the laminate, has a 
surface roughness (Ra^) of 0.1 to 10 nm. (3) the surface 
roughness (Ra^) of the film layer B being smaller than 
the surface roughness (Ra^) of the film layer A by 1 nm 
or more. According to the present invention, there can 
be provided an aromatic polyamide film laminate suita- 
ble for use as a base film for a magnetic recording 
medium, which attains high abrasion resistance and 
high flatness at the same time while having excellent 
handling properties such as strength, slipperiness and 
winding property and which also exhibits excellent per- 
formance stability under a high-temperature and high- 
humidity environment; a production process therefor; 
and a metal-thin-film high-density magnetic recording 
medium and a muHiple-coat high-density magnetic 
recording medium which have excellent electromag- 
netic conversion characteristics and are suitable for 
high-density recording by using the aromatic polyamide 
film laminate. 
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Description 

Detailed description of the Inventinn 
5 Technical FieM 

[0001] The present invention relates to an aromatic polyamide film laminate suitable for use as a base film for mag- 
netic recording media, a production process therefor and high-densrty magnetic recording media produced therefrom. 
More specifically, it relates to an aromatic polyamide film laminate which is excellent in handling properties such as 
10 strength, slipperiness and winding property, abrasion resistance, performance stability under a high-temperature and 
high-humidity environment, and running durability; a production process therefor; and high-density magnetic recording 
media produced therefrom. 

Background Art 

15 

[0002] In recent years, remarkable progress has been made in high-density magnetic recording media, as exempli- 
fied by the development and implementation of a metal thin film magnetic recording medium in which a ferromagnetic 
metal thin film is formed on a non-magnetic substrate by a physical deposition method such as vacuum vapor deposi- 
tion or sputtering, or a plating method, and a thin layer-coated magnetic recording medium in which a needle-shaped 

20 magnetic powder such as metal powder or iron oxide powder is coated on a film to a thickness of not larger than 2 jim. 
Known examples of the fornner include a Co-deposited tape (see JP-A 54-147010) and a vertical magnetic recording 
medium composed of Co-Cr alloy (see JP-A 52-134706). Known examples of the latter include an extremely thin layer- 
coated magnetic recording medium for high-density magnetic recording (see Technical Report MR 94-78" (1995-02) 
issued by the Institute of Electronics and Communication Engineering of Japan). 

25 [0003] Since a coated magnetic recording medium of the prior art (magnetic recording medium in which a mixture 
of magnetic powder and an organic polymer binder is coated on a non-magnetic substrate) has a low recording density 
and a long recording wavelength, the thickness of its magnetic layer is as large as 2 ^im or more. On the otiier hand, a 
ferromagnetic metal tiiin film formed by thin film forming means such as vacuum vapor deposition, sputtering or ion plat- 
ing has as extremely small a tiiickness as 0.2 ^m or less. In the case of an extremely thin layer-coated medium, a 

30 coated magnetic layer is as extremely thin as 0. 13 urn though a non-magnetic primary coat layer is provided. 

[0004] In the above high-density magnetic recording media, the surface condition of the non-magnetic substrate 
(base film) has a great influence on ttie surface properties of the magnetic layer. Particularly, in the case of a metal thin 
film magnetic recording medium, the surface condition of the non-magnetic substrate is directiy reflected on the surface 
of the magnetic layer (magnetic recording layer) as unevenness, which causes noise in recording and reproduction sig- 

35 nals. Therefore, it is desirable that the surfece of the non-magnetic substrate be as smooth as possible. 

[0005] On the other hand, in view of the formation of the non-magnetic substrate (base film) and the handling prop- 
erties such as scratching, winding and unwinding tiiereof in ttie film formation step, when tiie surface of the film is too 
smooth, slipperiness between films deteriorates, a blocking phenomenon occurs, the form of the rolled film (roll fonna- 
tion) is bad, witii the result of a reduction in product yield and an increase In the production cost of a product. Therefore, 

40 from the viewpoint of production cost. It is desirable that the surface of the non-magnetic substrate (base film) be as 
rough as possible. 

[0006] To attain both of the above characteristics on the surface of the base film which are antipodal to each other, 
it is necessary to form protrusions on the sur^ce of the base film that have appropriate height and density derived from 
partides having optimized particle diameters. 

45 [0007] As a metixxJ of forming protixisions on the surface of an aromatic polyamide film, there have been proposed 
(a) a method in which a predetermined anx)unt of inorganic particles is added (JP-A 61-24691 9). (b) a method in which 
organic polymer particles or inorganic particles whose surfaces have been ti-eated witii organic polymers are added 
(JP-A 8-203064) have been proposed. However, it is difficult to attain flatness and handling properties at tiie same time 
by the above method of adding particles and the like to a single resin layer to form protrusions and, particulariy. it is 

so extremely difficult to avoid defects occurring at the time of winding up the film into a roll form as long as ttie method is 
used. To solve this problem, there has been proposed an aromatic polyamide f am or aromatic polyimide film one sur- 
face of which has different surfece roughness than the other and which is produced by laminating at least two resin lay- 
ers (JP-A 1 -247162). In ttiis case, however, externally added partides. which are used to form protrusions, are liable to 
agglomerate in the sluny added, so ttiat particles are fallen off from the protrusions by friction v^en a guide pin actually 

55 makes contact witii the surface of tiie film, damaging ttie step. The film also has anottier defect that coarse protrusions 
on the surface which are derived from agglomerates of particles interfere witii attaining surface flatness ttiat provides 
excellent electromagnetic conversion characteristics when it is used for a high-density magnetic recording medium 
such as a metal thin film magnetic recording medium. 
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* [0008] ' Further, an arormticpolyanfMe resin generates hydrogen chlw^ 
be neutralized. If the salt produced by the neutralization is not completely removed when a film is formed, for a metal 
thin film magnetic recording medium, the thin magnetic metal film is damaged particularly under a high-tenperature 
and high-humidrty environment so that the f Qm cannot maintain stable performance for a long time. 

5 

Problem to be solved by the Invention 

[0009] K is the first deject of the present invention to solve the problems of pnor art and provide an aromatk: pdya- 
mide film laminate suitable for use as a base film for a magnetic recording medium, which attains high abrasion resist- 
10 ance and Ngh flatness at the same time wNle having excellent handling properties such as strength, sfq^periness and 
winding property and which also exhibits excellent performance stability under a h^h-temperature and high-humidity 
environment, and a production process therefor. 

[001 0] It is the second object of the present invention to provide a metal-thin-film high-density ma^pietic recording 
medium and a multiple-coat high-density magnetic recording medium produced from the aromatic polyamide film lam- 
15 inate that have excellent electromagnetic characteristics and are suitable for high-density recording. 

Means for sdvinq problem 

[001 1 ] According to the studies of the present inventors, it has been found that the objects of the present invention 
20 can be attained by a film laminate that comprises at least two biaxialiy oriented films formed of an aromatic polyamide. 
wherein: 

(1) the outermost layer of the laminate, f Sm layer A, contains inorganic particles produced from hydroxides or car- 
bonates of at least one metal selected firom the groups la and lla of the periodic table, the inorganic particles having 

25 an average particle diameter of 80 to 1 .500 nm and the surface roughness (Ra^) of the film layer A being 1 to 20 
nm; 

(2) the surfoce opposite to the l^er A of the laminate, film layer B, has a surface roughness (Ra^ of 0. 1 to 1 0 nm; 
and 

(3) the surface roughness (Ra^) of the film layer B is smaller than the surface roughness (Ra^) of the film layer A 
30 by 1 nm or mora 

[001 2] The aromatic polyamide film laminate of the present invention will be described in more detail hereinafter. 
Detailed Description of the Drawings 

35 

[0013] 

Fig.1 is a diagram of a device for measuring the abrasfon resistance of a film laminate. 
40 Desaiption of the Symbols 
[0014] 



1 : unwind reel 

45 2: tension controller 

3, 5, 6, 8. 9 and 1 1 : fi^ee roller 
4: tensiometer (inlet) 

7: fixing pin made of stainless steel SUS304 (outer diameter: 5 mm. surface roughness Ra: 20 

nm) 

so 10: tensiometer (outlet) 

12: guide roller 

13: wirKlreel 

[0015] Aromatic polyamides that contain aromatic nuclei and amide-bonded groups as main constituents in the 



55 main chain are used as the aromatic polyamide of the present invention. Of the aromatic polyamides. those that contain 
main chain-forming substituents on aromatic nuclei having para-orientation in a proportion of 50 to 99.5% of all the aro- 
matic nuclei fonning the main chain are preferable when they are used for magnetic recording media requiring strength. 
The proportton of the aromatic nuclei having para-orientation is more preferably 60 to 95%. particularly preferably 70 to 
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90%. When it is less than 50%, strength is liable to be insuffident. When it is nnore than 99.5%, stretching is diff ibuH 
Illustrative examples of the main chain-forming substituents include an atom or a group of atoms contained in the vnavn 
chain of a polymer such as an amide group. e.g.. -C(=0)-NH-, -O, -CH2-. -C(CH3)2-. -SO2- and -S-, and other aromatic 
nuclei directly bonded to the aromatic nuclei. The term "para-orientation" as used herein means that an aromatic 
s nucleus has substituents on the 1®* and 4* positions when it is a phenylene group and on the 1®* and 4^ positions or 
the 2^ and 6*^ positions when it is a naphthylene group. Of these, the aromatic polyamide Is particularly preferably a 
polymer compound represented by the general formula: 
-(-C(=0)-Ar,-C(=0)-NH-Ar2-NH-)k-(-C(=0)-Ar3-C(=0)-NH-Ar4-Yr^^^ 

NH-)n-wherein k, I, m and n are each 0 or an positive integer; Ar^, Ar2, Ara. Ar4, Are, Ary and Are are each selected 
10 from an aromatic nucleus represented by the general formula: - C6HpR4.p-. -C6HpR4-p-C6HpR4-p- or -CioHqRs-q- 
(wherein p is an Integer of 0 to 4, q is an integer of 0 to 6, and R is an atom or a group of atoms selected from a halogen 
group, nitro group, cyano group, alkyf group having 1 to 4 cartx>n atoms, alkoxy group having 1 to 3 cartxxi atoms and 
trialkylsilyl group) and may be the same or different; and Y2 are an atom or a group of atoms selected from O, CH2, 
C(CH3)2, SO2. S and CO and may be the same or different. Of these, the polymer compound is more prefer^iy one 
15 that comprises terephthalrc acid as an add component and p-phenylenediamine and 3,4'-diaminodiphenyl ether as 
diamine components. 

[0016] The aromatic polyamide in the present invention may contain an aliphatic or alicydlc polyamide-fbrming 
compound as a copolymer component in such an amount that the physical properties of the film are not impaired. Fur- 
ther, it may also contain a compound having three or more amide-forming functional groups as a copolymer component. 

20 It may also contain a lubricant, antioxidant, other additives and the like and other polymers. 

[001 7] The film laminate of the present invention comprises at least two biaxially oriented films fomied of the above 
aromatic polyamide. one of which is a film layer A. which is the outermost layer on one side of the laminate, while the 
other is a film layer B, which is the outermost layer on the other side thereof. Therefore, when the film laminate of the 
present invention comprises two films, the films are called a film layer A and a film layer B. When it comprises three 

25 films, the films are called a film layer A. an intermediate film layer and a film layer B. 

[0018] That Is, the layer A forms one of the outermost layers of the laminate of the present invention and the layer 
B forms the other outermost layer thereof. The laminate of the present invention has distinct surface roughness and 
other suriace properties for the outemiost layer (surface layer] of the film layer A and the outermost layer (surface layer) 
of the film layer B. 

30 [0019] A description will be first given of the film layer A of the laminate of flie present invention. The film layer A 
has greater suriace roughness tiian the film layer B, which contrbutes to the sllpperiness of the film laminate. The film 
layer A contains inorganic partides (which will sometimes be called Inorganic partides A" hereinafter) produced from 
hydroxides or carbonates of at least one metal selected from the groups la and Ha of the periodic table. 
[0020] Illustrative examples of the inorganic partides A contained in ttie film layer A indude lithium hydroxide, lith- 

35 ium cartx}nate. calcium hydroxide, caldum carbonate, magnesium hydroxide, magnesium carbonate and tiie lite. Of 
these, litiiium hydroxide, calcium hydroxide, calcium cartx>nate and magnesium hydroxide are preferable and cafoium 
hydroxide and calcium carix>nate are particularly preferable. 

[0021] The inorgank: partides A are contained In the polyamide as the reskfue of a neuta-alizing agent in the step of 
polymerizing an aromatic polyamide and are fully dispersed in the polymer in the polymerization step. Therefore, It is 
40 not necessary to concern tiiat they form into agglomerates which generate abrasion dust by friction between a guide 
roll and the surface of the f im In the step of film formation. 

[0022] The average partide diameter (d/O of tfie inorganic partides A contained In the film layer A is 80 to 1,500 
nm. preferably 90 to 1,200 nm. particulariy preferably 100 to 1,000 nm. 

[0023] When tiie average partk;le diameter (dp) of the inorganic partides A in the film layer A is smaller tiian 80 nm. 
45 the effect of forming protrusions on the surface by the particles is so small that sufficient handling properties such as 
sllpperiness and winding property cannot be obtained dlsadvantageously When the average particle diameter (d/O is 
larger than 1 ,500 nm, vokJs formed by stretching the film became large in size and abrasion resistance lowers dlsad- 
vantageously. 

[0024] The inorganic partides A have a smaller average partide diameter tiian tiiose added as a neutralizing agent. 
so When added as a neutralizing agent, they have an average particle diameter of 300 to 20,000 nm, preferably 400 to 
15.000 nm. When tiie average particle diameter is smaller than 300 nm. tiie effect of forming protrusions on tiie surface 
by the partides is so small ttiat suffk:ient handling properties such as sllpperiness and winding property cannot be 
obtained disadvantageous^. 

[0025] When tiie average partide diameter is larger tiian 20,000 nm. tiie diameters of residual particles after tiie 
55 neutralization reaction are so large ttiat voids formed by stretching the film are too large in size and abrasfon resistance 
lowers disadvantageous^. 

[0026] The voids are expressed by tiie vokl ratio which will be explained later The void ratio is preferably 2.0 or less, 
more preferably 1 .5 or less. 
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I [0027] * In the preseminvemion, if the inorganic particles A oonta^ 
which fails within the above range, they n^ comprise two or more types of particles having different average partide 
diameters. 

[0028] In the present invention, a mesm for justing the average particle diameter of the inorganic particles con- 
5 tained in the film layer A to the above range is not particularly limits. Preferable examples of the means indixje me in 
which the pH of the reaction system and the amount and partide diameters of the neutralizing agent added are adjusted 
in the adding step so that the above average partide diameter is provided. 

[0029] A means for adjusting the particle diameters of inorganic partides to be added as a neutralizing agent is also 
not particularly limited. Preferable examples of the means include one comprising dispersing the partides in a solvent, 
10 grincBng the partides to fine powder by a device such as a sand grinder and filtering the disp^sion to remove coarse 
partides. 

[0030] The surface roughness (Ra^) of the film layer A of the laminate of the present invention is 1 to 20 nm. pref- 
erably 2 to 1 0 nm, more preferably_3 to 8 nm. When the surface roughness (Ra'^) the film layer A is smaller than 1 nm. 
the laminate is difficult to wind in the production st^ or sut}sequent processing step thereof. On the other harxi. if the 
IS surface roughness ( Ra^) is larger than 20 nm. it may possibly roughen the surface of the film layer B disadvantageously 
[0031 ] The surface roughness ( Ra^ of the film byer B that is the opposite surface of the film layer A of the laminate 
of the present invention is 0. 1 to 1 0 nm, preferably 0. 1 to 5 nm. particularly preferably 0.2 to 4 nm, the most preferably 
0.3 to 3 nm. 

[0032] When the surface roughness Ra^ of the layer B is smaller than 0.1 nm, the laminate is apt to stick to a pass 

20 rdl in the production step. When it is larger than 10 nm, on the other hand, electromagnetic conversion characteristics 
deteriorate. Further, when the surface roughness Ra*^ of the layer B is smaller than the surface roughness Ra^ of the 
layer A by 1 nm, the faminate has better handling properties, and exhibits excellent electromagnetic conversion charac- 
teristics when used for high^iensity magnetic recoiding media. It is more advantageous tiiat the surface roughness 
(Ra^ of the film layer B be smaller than the surface roughness (Ra^) of tiie flm layer A by 2 to 5 ^m. 

25 [0033] The film layer B may contain substantially no partides. or it may contain particles in such an amount that tiie 
surface roughness (Ra^) of the layer B remains witiiin the above range. When the film fayer B contains particles, tiie 
average partide dfameter (dg) ther^f is 5 to 600 lun. preferably 60 to 600 pm. particularly preferably 5 to 200 \an. 
[0034] Illustrative examples of tiie solid partides (called "partides B") to be contained in ttie film layer B indude fine 
partides produc«J from a heat-resistant organic polymer such as aosslinked silicone resin, crosslinked polystyrene. 

30 crosslinked styrene-divinylbenzene copolymer, polymetfiyl metiiacrylate. crosslinked methyl methacrylate copolymer, 
potytetrafluoroethylene. polyvinylidene fluoride, polyacrylonitrile and benzoguanamine resin; fine partides produced 
from hydroxkies or carbonates of at least one metal selected from tiie groups la and lla of the periodic table, such as 
litiiium hydroxide, litiiium carbonate, calcium hydroxide, caldum cart>onate, magnesium hydroxkie and magnesium car- 
bonate; and fine partides produced from an inorganic compound such as silica, alumina, titanium dioxkle, kaolin, talc, 

35 graphite, feld^r. molybdenum disulf kie, carbon black and barium sulfate. 

[0035] Of the above particles B. fine partides produced from hydroxkies or carbonates of at least one mefal 
selected from the groups la and lla of tiie periodic table, such as litiiium hydroxkJe. lithium cart>onaie, calcium hydrox- 
kJe. caldum cartx)nate, magnesium hydroxkie and magnesium carbonate are preferable; litiiium hydroxkie, catoium 
hydroxkje, calcium carisonate and magnesium hydroxkie are more preferable; and catoium hydroxkie and calcium car- 

40 bonate are particularly preferable. 

[0036] The partides B produced from hydroxides or carbonates of metals of tiie groi^ la and Ifa which have an 
average partide dfameter of 50 to 5,000 nm are nrore preferably added in the step of polymerizing an aromatic pdya- 
mkJe and contained as the residue of a neutralizing agent because tiie obtained laminate of ttie present invention has 
excellent dispersibility and not many protrusions fall off when it makes contact with a pass roll. 

45 [0037] When tiie particle diameter of ttie sdkJ particles B contained in the film layer B is 600 nm or more, electro- 
magnetic conversion characteristics deterk>rate. On the otiier hand, when it is less than 5 nm. tiie laminate has a high 
friction coefficient against a magnetic head when actually used as a tape and its electromagnetic conversion character- 
istics deterk>rate when it is used repeatedly 

[0038] The fanvnate of tiie present invention can be advantageously used as a base film for high-density recording 
so media by having tiie distinct surface roughnesses of tiie film layer A and ttie film layer B on botti skies thereof within the 
above ranges. 

[0039] K is more desirable that each of the f im layer A and tiie film layer B of tiie laminate of tiie present invention 
have a surface prot-i^ion density that falls within tiie following proper range. 

[0040] That is. the inorganic particles A are confained in the film layer A in such an amount that the density of pre- 
ss toisions on tiie surface of the film layer A is 1 x 10 to 1 x lO^/mm^. preferably 5 x 10 to 1 x lO^/hnm^. particulariy pref- 
erably 1 X 10^ to 5 x 1 0^/mm^. When the density of protrusions is less ttian 1 x 1 0 Vmm^. ttie friction coeff fcient becomes 
so large ttiat a good running property cannot be obfained. ttiat the winding property deteriorates and that blocking is 
liable to occur between ttie films. On ttie ottier hand, when ttie density of protmsions is more ttian 1 x lO^/mm^.thepro- 
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toisions are transferred to the magnetic surface and form hollows when the laminate is formed Into a tape, whereby the 
electromagnetic conversion characteristics deteriorate. 

[0041] Meanwhile, it is desirable that the density o1 protrusions on the surface of the film layer BbelxlO^toIx 
lO^Anm^. preferably 1 x 10^ to 1 x lO^/mm^. particularly preferably 5 x 10^ to 5 x lO^Anm^. 
5 [0042] A desaiption will be given of a method of polymerizing an aromatic polyamide fomung the film layers A and 
B of the present invention and a method of forming the film layers. 

[0043] The aromatic polyamide of the present invention can be produced Isy Interfadal polymerization or solution 
polymerization using add components and amine components known per se as monomers used as raw materials. The 
solution polymerization is preferable. 
10 [0044] When ttie solution polymerization is used, a polymerization solvent used may contain at least one solvent 
selected from polar solvents such as dimethylformamide. dimethyfacetoamide. N-metiiylpyrrotidone, N-methylcaprol- 
actam. dimethyl sulfoxide, hexamethylphosphoric triamide, tetramethylurea and 1,3-dimethyl-2-imidazolizinone. as a 
main component(s). 

[0045] Of these polar solvents, N-methylpyrroiidone is preferably used. 

15 [0046] Further, inorganic salts such as calcium chloride, littiium chbride and the like m^ be added to the polymer- 
ization solvent before, during or after polymerization for the purpose of improving the solubility of a polymer. 
[0047] In the production of tiie aromatic polyamide of the present invention, add components (typified by add chlo- 
ride) and amine components are reacted substantially in equimolar amounts. However, it is possible to use one of them 
in an excessive amount over the other for the purpose of, for example, controlling tiie degree of polymerization. Further, 

20 a small amount of monof unctional acki components or amine components may be used as a terminal blocking agent. 
[0048] It is also possible to add aliphatic or aromatic amines or quaternary ammonium salts to the polymerization 
system for the purpose of trapping hydrogen chloride produced by reaction. 

[0049] Furthermore, the aromatic polyamide of the present invention may contain ultraviolet absort>er. dye. release 
agent and other additives in such an amount that does not Impair the effect of tiie present invention. 

25 [0050] After the polymerization reaction completes, a neutralization reaction is carried out by adding the atxve inor- 
ganic partides produced from hydroxides or carbonates of metals of the groups la and lia which have an average par- 
tite diameter of 300 to 20,000 nm for the film layer A and tiiose which have an average partide diameter of 50 to 5,000 
nm for tiie film layer B. If this neutralization reaction does not fully proceed, halogen ions (chloride ions in particular) 
from the film surface remains in such an amount tiiat causes an adverse effect. Therefore, when the laminate is used 

30 for a thin metal film magnetic recording medium, the thin magnetic metal film thereof is damaged particularly under a 
high-temperature and high-hunrvdity environment, so tiiat its performance cannot be stably retained disadvantageously. 
[0051 ] Generally used meUiods of produdng the aromatic polyamide are described in detail in JP-B 52-3971 9, JP- 
B 53-32828 and the like. 

[0052] To obtain tiie aromatic pdyamkJe laminated film of tiie present invention having excellent medianical prop- 
35 erties, a polymer before tiie fomnation of a film has a logaritiimic viscosity of preferably 0.5 dl/g or more, more preferat)ly 
1.0 dl/g or more. 

[0053] The logaritiimic viscosity of the polymer before ttie formation of a film is obtained by charging a pdymer 
stock solutfon containing the aromatic polyamide after polymerization into a solvent such as alcohol or water, isolating 
and purifying the re-precipitated polymer and measuring the polymer in concentrated sulfuric add at 30^ C. 
40 [0054] The polymer stock solution (dope) containing the aromatic polyamide that has been polymerized as 
describe ak>ove may be used for the formation of a f Pm by charging the solution into a solvent such as alcohol or water, 
isolating the re-precipitated polymer and dissolving the polymer in a solvent again. It may be used in the fbnnation of a 
film directly or after its concentration is property adjusted after polymerization. 

[0055] At this point, the concentration of tiie polymer stock solution may be adjusted by concentrating it or diluting 
45 it with a solvent. The solvent may be the same as those listed for the polymerization solvent. 

[0056] The polymer stock solution whose concenti^ation has been adjusted as described above is formed into a film 
by a solution film formation process. The solutbn film formation process is exemplified by a dry-wet process, a dry proc- 
ess a a wet process. The dry-wet process and the wet process are preferable because tiiey can remove the salts pro- 
duced by the above neutralization reaction. 
so [0057] When a film Is formed by the dry process, a film whidi has acquired self-holding properties by being dried 
on a carrier such as drum, endless belt and tiie like is peeled from tiie canrier. forther dried to remove the residual sol- 
vent, stretched and subjected to heat treatment. Each of these treatments is canried out preferably at 1 00 to 500^ C for 
one second to 30 minutes, particularly preferably at 100 to 400'' C for tiiree seconds to 20 minutes. 
[0058] A film having good surface properties can also be obtained by tiie dry process. However, since this film- 
55 forming process does not have a step of removing flie salts produced by the neutralization in the polymerization step, 
an undesirable amount of halogen ions remains on the surface of a film. Therefore, when tiie obtained film is used for 
a metal ttiin film magnetic recording medium, its tiiin magnetic metal film is damaged particularly under a high-temper- 
ature and high-humidity environment so tiiat its peribrmance cannot be stably retained disadvantageously. 
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< [0059] ^ When the film is formed by the wet process, on the other hand, it is preferable to extrude the stock solution 
Into a k>ath for film formation directly from a cap or to extrude it onto a carrier such as drum and then introduce the carrier 
into a wet bath. The bath generally comprises a water-based medium and may contain organic solvents or inorganic 
salts in addition to water. However, to improve extraction efficiency so that the salts and organic solvents are extracted 
5 and removed completely, it is preferable that use of the wet bath be divide into two or more steps and that the wet bath 
in the last stqD comprise only water. The salts and organic solvents contained in the film can be extracted and remove 
by causing the f am to pass through the wet t>ath. 

[0080] Although depending on the thickness of the film, the amount of time needed for the film to pass through the 
whole wet bath is preferably 1 0 seconds to 30 minutes so that the amount of halogen ions on the surface of the film can 
10 be adjusted to 50 ng/cm^ or less and the content of aganic polar solvents contained in the film to 50 ppm or less by 
extracting the halogen ions and the organic polar solvents from the surface of the film. 

[0081] The film that has passed through the wet bath is stretched in a bngitudinal direction, dried, stretched in a 
transverse CBrection and sut)jected to heat treatment. Each of these treatments is carried out preferably at 100 to 500** 
C for one second to 30 minutes, particularly preferably at 100 to 400^ C for three seconds to 20 minutes. 

IS [0082] When the film is formed by the dry-wet process, the stock solution is extracts onto a carrier such as drum, 
endless belt and the like from a cap to form a thin film, which is then dried by scattering a solvent from the thin f flm layer 
until the thin film acquires self-holding properties, it is preferable to dry the thin film at room temperature to ZOO"" C within 
60 minutes. The dried thin film is peeled off from the carrier and then introduced into a wet process, salts and solvents 
are removed in the same manner as in the aforementioned wet process, and the resulting thin fflm is further stretched. 

20 dried and subjected to heat treatment to form a film 

[0033] The film lantinate of the present invention can be formed by a method known per se of laminating at least 
two types of film-forming stock solutions, one of which is for the film layer A while the other is for the film layer B, in a 
confluent ppe or a cap, as is descrfoed in JP-A 56-162617. Another layer may be formaj between the two layers in a 
cap having three (or more) layers as required. 

25 [0084] It is preferat)le to supply the stock solution with the film layer A facing the carrier because the surface of the 
opposite side (film layer B) can be kept flat. It is also possible to form the f am laminate by forming a film having self- 
holding properties with one of the above fflm-fbrming stock solutions and supplying the other film-forming stock solutk»i 
on the film to remove solvents. Particularly, when the lamination is carried out in a confluent pipe or a cap. it is preferable 
to adjust the viscosities of the stock solutions to 1 00 to 1 0,000 poise. When it is less than 1 00 poise, two or more stock 

30 solutions are easily mixed together before extracted from a cap and. in the case of a tftin film, even a small amount of 
the mixture roughens the opposite side of the inorganic particles-containing layer. On the other hand, when it is larger 
than 1 0,000 poise, two or more stock solutions are not so easily mixed together; however, melt fracture occurs, whereby 
the surface of the film is easily roughened di^dvantageously 

[0085] The viscosities of the two or more stock solutions are preferably the same but may be slightly different from 
35 one another. The highest viscosity of the solutions can be as high as 200% of the lowest viscosity of the solutions. 
[0086] When the dry process or the dry-wet process is enployed. two or more stock solutions may be mixed 
together in the drying step. The viscosity of the stock solution that has been supplied onto the carrier deaeases once 
when the sdution is heated, and it incre^es again along with the evaporation of the solvent. When the viscosity 
decreases to a value less than 10 poise, the two or more stock solutions are easily mixed together. It Is therefore nec- 
40 essary to properly adjust the drying condition so as not to deaease the viscosity to a value less than 10 poisa For 
example, it is preferable to raise the drying temperature in at least two steps. 

[0087] The layers other than the film layer A are preferably tornied of an aromatic polyamide having the same pol- 
ymer composition as that of the film layer A. 

[0088] The obtained aromatic polyamide film is formed into a biaxially oriented film that has been stretched prefer- 
45 ably at an area stretch ratio of 5.0 or higher, more preferably 6.0 to 10.0. 

[0089] The biaxially oriented film of the present invention may be formed by laminating the layers first and then 
stretching the resulting laminate or by stretching each of the layers first and then laminating them. The former is advan- 
tageous in view of production. 

[0070] When the area stretch ratio is less than 5, the obtained film laminate does not have high strength. Further. 
so its handling properties such as slipperiness and winding property are not satisfactory because the effect of forming pro- 
trusions on the surface by the particles that will be described later is small. 

[0071 ] The thickness of the film laminate obtained in the above step is not particulariy limited but is preferably 0. 1 
to 20 ^lm. more preferably 0.5 to 10 ^im. The ratio of the thicknesses of the layer A and the layer B is not particulariy 
limited but is preferably 1 :9 to 5:5. more preferably 2:8 to 4:6. 
55 [0072] When the thtekness of the film laminate is within the above range, the film laminate of the present invention 
has excellent handling properties such as strength, slipperiness and winding property, exhibits high abrasion resistance 
and can be suitably used for magnetic recording media. 

[0073] It is also possible to form a thin coating layer whose thickness is small enough not to impair the effect of the 
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present invention on the surface of the aromatic polyamide film faminate of the present invention for the purpose of 
improving its adhesive properties and slipperiness and preventing static electrification. 

[0074] While the aromatic polyamide film laminate of the present invention can be produced as described above, 
the laminate may be further coated with a water-based coating solution of a water-dispersible or water-soluble polymer! 
5 stretched as required and dried, to improve its adhesion to a magnetic layer, as a pretreatment before the magnetic 
layer is formed. The water-based coaling solution nray contain antistatic agents, surfactants, superfine particles and the 
like in addition to the above polymer according to purpose. 

[0075] The aromatic polyamide laminate of ttie present invention obtained as described above has such physical 
properties, chemical properties and surface properties as will be described below and has characteristic properties that 
10 are extremely suitable for use as a base film for high-density magnetic recording media. 

[0076] The aromatic polyamide laminate of tiie present invention has high Young's modulus. The total of Young's 
moduli In longitudinal and transverse directions is 2.000 to 4.500 kg/mm^, preferably 2.200 to 4,000 kgAnm^. The 
Young s nrxxJuIus in the longitudinal direction and that in the transverse direction are each 500 to 3,500 kgAnm^, pref- 
erably 600 to 3.000 kg/mm^. 

15 [0077] When the total of Young s moduli In longitudinal and transverse directions is less than 2.000 kg/mm^. the 
laminate makes improper contact witii a recording head, so that electromagnetfc converston characteristics deterforate. 
Further, the base film is as thin as several micrometers, so that sufficient strength cannot be obtained dsadvanta- 
geously. 

[0078] The aromatic polyamide film laminate has a f lexural rigidity In a longitudinal direction of 3.0 to 9.5 mg • mm, 
20 preferably 5.0 to 9.5 mg • mm. When the f lexural rigidity in tiie longitudinal direction is smaller than 3.0 mg • mm or larger 
than 9.5 mg • mm. the laminate makes Improper contact with a recording head, so that electromagnetic conversion 
characteristics deteriorate. 

[0079] Further, the aromatic polyamide film laminate of the present invention has a tensile break strength in a lon- 
gitudinal direction of 38 to 100 k^tm^, preferably 42 to 90 kg^mm^ or more. When the tensile break strength is smaller 
25 than 38 kg/mnrt^. the laminate may cause a problem particufarly when used for a magnetic tape which is caused to run 
and stop repeatedly. 

[0080] The aromatic polyamWe film faminate of the present invention has a heat shrinkage factor in an arbitrary 
direction at 1 50^ C of less than 1%. When ttie heat shrinkage factor is more than 1%. the reliability of the performance 
of tiie recording medium may be lost depending on ttie circumstance under which it is used. 
30 [0081 ] The aromatic polyamide film laminate of flie present invention has an air vent index of 1 mmHg/hr or more. 
When the air vent index is less than 1 mmHg/hr and the film Is rolled in its production process, protrusions which are 
defects are IfaUe to be produced on ttie surface of ttie rolled film, thereby lowering ttie yiekJ of winding of the film. The 
air vent index is preferably 3 mmHg/hr or more, more preferably 4 mmHg/hr or more. 

[0082] The aromatic polyamide film laminate of ttie present invention has a friction coefficient off 0.6 or less, preter- 
ms ably 0.4 or less. 

[0083] In the aromatic polyamide laminate of the present invention, ttie amounts of halogen ions (especially chlo- 
rine ions) and organic polar solvents contained in ttie layer B thereof are extremely small. Therefore, ttie performance 
of tfie magnetic recording medium layer formed on ttie surface off the film layer B can be stably retained for a long time. 
That is. the amount of halogen ions contained in ttie film layer B is 50 ng/cnf or less, preferably 40 ng/cm^ or less. If 

40 the amount of ttie halogen ions is more ttian 50 ng/cm^. tiie stability of ttie performance of ttie magnetic recording 
medium layer may possibly be impaired. As for ttie amount of organic polar solvents contained in tiie film layer B. it Is 
advantageous that ttie amount be 50 ppm or less, preferably 40 ppm or less. If ttie amount of ttie organic polar solvents 
is too large, ttie long-term stability of ttie performance of the magnetic recording medium layer may be affected. 
[0084] Therefore, according to ttie present inventfon. a magnetic recording medium obtained by forming a magnetc 

45 recording medium layer on ttie surface of the film layer B of ttie above aromatic polyamide film laminate is provided. The 
magnetic recording medium may be eitiier a metol-ttiin-f ilm high-density magnetic recording medium or a coated high- 
density recording medium. 

[0085] In the case of the metel-ttiin-ffilm high-density magnetic recording medium, a fferromagnetic metal thin film 
layer made off iron, cobalt, chromium or an alloy ttiereoff or oxide thereof Is formed on ttie surface of ttie film layer B of 

so the aromatic polyamide film laminate by vacuum vapor deposition, sputtering, ion plating or ttie like, and a protective 
layer of diamond-like carbon (DLC) or ttie like and a f luorine-confaining cartx>xyfic acid-based lubricant layer are formed 
in turn on ttie surface of ttie ferromagnetic metal ttiin film fayer according to purpose and application and as required, 
A known back coat layer Is formed on the surface opposite to the metal ttiin film layer. Thereby, ttiere can be obtained 
a mefal-ttiin-f ilm Ngh-densily magnetic recording medium which has excellent electromagnetic conversion characteris- 

55 tics such as output at a short-wavelengtti range. S/N and C/N. few drop-outs and a small error rate. 

[0086] This metal-thin-fllm high-density magnetic recording medium Is extremely useful as a tape medium for Hi8 
for analog signal recording and for digital video cassette recorders (DVC), data 8 mm and DDSIV for digital signal 
recording. 
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• [0087] ' The coated high-density magnetic recording medium Is produced by applying a magnetic coating to the sur- 
face of the f am layer B of the aromatic polyamide f flm laminate of the present inventl(»i. 

[0088] The magnetic coating includes a metal-based magnetic coating and a metal oxide-based magnetic coating. 
[0089] The metal-based magnetic coating is obtained by mixing magnetic metals or magnetic materials containing 
5 magnetic metals as main conponents into a binder. For example, the metal-based magnetic coating may be produced 
by uniformly dispersing iron or needle-like fine magnetic iron powder containing iron as a main component into polyvinyl 
chloride or vinyl chloride-vinyl acetate copolymer. 

[0090] The metal oxide-based magnetic coating is obtained by mixing magnetic metal oxides or magnetic materials 
containing magnetic metal oxides as main components into a binder. For example, tiie metal-based magnetic coating 
10 may be produced by unifonnly dispersing needle-like fine magnetic powder composed off iron oxide or chromium oxide 
or leaf-like fine magnetic powder such as barium fenrite into a binder such as polyvinyl chtoride or vinyl chk>nde-vinyl 
acetate copolymer. 

[0091] TTie magnetic coating is preferably applied to the present invention to fbnm a magnetic layer having a total 
thickness of 1 urn or less, preferably 0.1 to 1 nm. 
75 [0092] Further, by forming a back coat layer on tiie surface opposite to tiie magnetic layer by a known mettiod, there 
can be obtained a coated magnetic recording medium for high-density recording which has excellent electromagnetic 
conversfon characteristics such as output at a short-wavelength range. S/N and C/N. few drop-outs and a small enor 
rate. 

[0093] Moreover, a non-magnetic layer containing a fine particle such as titanium oxkie particles may be optionally 
20 formed on the layer on which the magnetic layer is to be formed as a layer underlying tiie magnetic layer by dispersing 
in tiie same organic binder as ttiat of the magnetic layer and applying. 

[0094] This coated high-density magnetic recording medium is extremely useful for use as a tape medium for 8-mm 
vWeo. HiS. p-cam SP and W-VHS for analog signal recording and for digital video cassette recorders (DVC). data 8 mm, 
DDSIV, digital p-cam, D2. D3, SX. and QIC for data streamer for digital sigr^ recording. 

2S 

Examples 

[0095] The present invention will be described in detail with reference to exanrtples hereinafter but shall not be lim- 
ited thereto. Various physical properties and characteristic properties in tiie present invention are measured and 
30 defined in the following manner. 

(1) pH of polymer solution 

[0096] Five grams of a polymer solution is sampled and added to 300 ml of water. After tiie resulting aqueous sdu- 
35 tion is stirred for 2 minutes, tiie pH of the aqueous solution is measured. 

(2) average particle diameter of particles 

(a) average particle diameter of particles before added to polymer solution 

40 

[0097] This is measured using the centrifugal particle size analyzer CP-50 of Shimadzu CJorporation. A cumulative 
curve of tiie particles of each diameter and the amount thereof is calculated based on tfie obtained centrifugal sedimen- 
tation curve, and a particle diameter equivalent to 50 weight percent is read from ttie cumulative curve and taken as the 
average particle diameter (refer to "Book of Particle Size Measurement Technology" issued by Nikkan Kogyo Press, pp 
45 242-247, 1975). 

0>) average particle diameter of particles in film 

[0098] A fflm-forming stock solution after tiie addition of neutralizing agent particles is measured for tiie average 

so particle diameter of particles in tiie same manner as in (a). 

[0099] In addition, for tiie purpose of verification, a small sample piece of the film is enwrapped in an epoxy resin 
(Epomount. a product of Refinetech Co.. Ltd.). which is ttien sliced to a tiiickness of 60 nm with the sample piece 
wrapped ttierein. using Microtome 2050 of Reichert-Jung Co.. Ltd. The sliced film is obsen/ed under a transmission 
electron microscope (model H-800 of Hitachi, Ltd.) to select 25 cross sections of particles existing in a layer to be eval- 

ss uated, and the particle cfiameters of tiie selected particles are measured and averaged. The result of the measurement 
was tiie same as ttiat obtained in (a). 
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(3) logarithmic viscosity 

[0100] A polymer stock solution containing an aromatic polyamide after polymerization is added to a solvent such 
as an alcohol or water, and the logarithmic viscosity of a polymer which is re-prectpitated and separated is measured 
5 at 30*" C in concentrated sulfuric add. 

(4) area stretch ratio 

[0101] This is obtained by multiplying a stretch ratio in a longitudinal direction by a stretch ratio in a transverse 
10 direction of the film. 

(5) surface roughness of film (center tine average roughness: Ra) 

[0102] The center line average roughness (Ra) is defined in accordance with JIS B0601 and measured using the 
15 tracer-type surface roughness meter (SURFCORDER SE-30C) of Kbsaka Laboratory Co., LJd. in the present invention. 
The measurement conditions are as follows. 



20 


(a) radius of tracer tip 


2pjm 




(b) measurement pressure 


30 mg 




(c) cut-off 


0.08 mm 


25 


(d) measurenient length 


8.0 mm 




(e) data filing: The measurement of the surface roughness of the same sample is repeated six times and the average 
of the measurement values excluding the largest value is taken as the center line average roughness (Ra). 



30 (6) density of protrusions 

[0103] Twenty five pictures of the surface of the film are taken randomly at a magnif icaton of 5,000 times and an 
angle of 0** using a scanning electron microscope (T-300 of JEOL Ltd.) and the number of protrusions on the surface of 
the film in each photograph is counted. The number of protrusions per nnm^ Is calculated by averaging the numbers of 
35 protnjsions of the photographs. 

(7) void ratio 

[0104] The film is etched to a depth of 500 nm from tiie surface using a plasma reactor (PR31 of Yamato Kagaku 
40 Co.. Ltd.). Twenty five photographs of the surface of the etched sample are taken at random at a magnifkation of 5,000 
times and an angle of O"* using a scanning electron microscope (T-300 of JEOL Lid.) to measure tiie long diameter of a 
partide appeared on the surface and the long diameter of a void around the partide. The void ratio is obtained from the 
following equation. 

45 vokJ ratio = (bng diameter of voki)/(k>ng diameter of particle) 

(8) friction coeffident 

[0105] A static frrction coefficient (ps) under a load of 1 kg is measured in accordance with ASTM D1894-63 using 
so a slippery measuring instrument (manufactured by Toyo Tester Co.. Ltd.) and a glass plate as a sled pfate. The obtained 
value is evaluated based on the following aiteria. 



55 



Ms 


criteria 


less tiian 0.6 


® 
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(continued) 



5 



Ms 


criteria 


0.6 to 0.8 
more than 0.8 


O 
X 



(9) running friction coefficient 

10 [0106] Tfits is measured in the following manner using the device shown in Fig. 1 . 

[0107] A film cut to a width of 8 mm is brought into contact with the fixed pin 7 at an angle d\90''( = iU2 radian) and 
moved (friction) at a speed of 3 m/min at a temperature of 20*^0 and a humkiity of 60 %RH. A tension at the inlet is 
adjusted to 50 g with the tension controller 2 and the tension T2 at the outlet after the film is allowed to run 200 m is 
detected with the tensiometer 1 0 at the outlet. The running friction coefficient is calculated from the following equation 

IS and evaluated on the basis of the following aiteria. 



running friction coefficient = {2/n) • In • (Tg/T ^) 



running friction coefficient 


evaluation criteria 


less than 0.4 


@ 


0.4 or more and less than 0.6 


0 


0.6 or more 


X 



(10) abrasion resistance (against pin) 

30 

[0108] This is measured using the device shown in Rg. 1 . 

[0109] At a temperature of 20''C and a relative humidity of 60 %, the f Dm cut to a width of 1/2 inch is brought into 
contact with the fixing pin 7 at angle of 0 » (90/180) k radian (90**) and caused to run 5 m at a speed d 2 m/min (inlet 
tension is fixed at 40 g). and abrasion resistance is evaluated on the basis of the following aiteria. 



40 



No abrasion dust is adhered to the pin 

slighrt amount of abrasion dust is adhered to the pin 

large amount of abrasion dust is adhered to the pin 



@ 
O 
X 



45 



(11) abrasion resistance (calendering) 

[0110] This is evaluated using a three-roll mini-super calender (nylon roll x steel roll). The film is caused to run 
7.000 m at a speed of 100 m/min at a processing temperature of 90^ C and a linear pressure of 300 kg/cm. This is eval- 
uated from stains adhered to the nylon roll of the calender based on the following criteria. 



so 



55 



nylon roll is not stained 


@ 


nylon roll is slightly stained 


0 


nylon roll is severely stained 


X 
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(12) winding property 

[Oil 11 After winding conditions at the tinie of slitting are optimized, the film is slit to obtain 10 rolls, each having a 
width of 560 mm and a length of 9.000 m and the rolls are then left for one week. Thereafter, the occurrence of wrinkles 
on the film surface is observed for each of the rolls and the number of rolls which can be commercialized is determined. 
The winding property of the rolls is e/aluated based on the following criteria. 



number of commercializ- 


criteria 


able rolls 




9ormore 


@ 


7to8 


o 


4to6 


X 


3 or less 


XX 



(13) air vent index 

[0112] Twenty films each of which has a size of 8 cm x 8 cm are placed one upon another and a triangle-shaped 
hole each side length of which is 2 mm is aeated in each of the films except for the top film. The measurement is started 
using a Digital Bekk flatness tester of Toyo Seiki Co., Ltd. after the pressure is set at 560 mrnHg. and a change in pres- 
sure after one hour is read. This measurement is repeated five times and the average value of the measurement values 
is taken as air vent index (mmHg/hr). 

(14) mechanical properties 

(a) Young's moduli 

[0113] A sample is prepared by cutting the film to a width of 10 mm and a length of 150 mm, and this sample is 
pulled by a tensile tester (TENSILON of Toyo Baldwin Co., Ltd.) at a chuck inten/al of 100 mm and a pulling rate of 10 
mm/min in a room adjusted to a temperature of 20** C and a relative humklity of 50%. The Young's modulus is calculated 
from the tangent of a rising portion of the obtained stress-strain curve. 

(b) f lexural rigidity 

[01 14] This is calculated based on the following equation from the inclination of the tangent of a rising portion of the 
obtained stress-strain curve by pulling the film at a chuck interval of 100 mm and a pulling rate of 5 mmAnin using the 
same apparatus and measurement conditions as in the above measurement of \bung's modulus, 

f lexural rigidity (mg • mm) = [(10 ^ (mg/kg) x (inclination off tangent (kg/mm ^)) x (film thickness (mm)) ^]/12 

(c) tensile break strength 

[0115] A stress at the time when the film is broten by pulling^it at a chuck inten/al off 100 mm and a pulling rate off 
100 nunAnin using the same apparatus and measurement conditions as in the measurement of Young's modulus is 
taken as break strength. The cross section area of the sample film is taken as an initial value before it is pulled. 

(15) thermal shrinkage 

[01 1 6] Ten 350 mm x 350 mm samples of the film are prepared, to ensure that the distance (Lq (mm)) between the 
two points shouU be 300 mm. The marked sample films are hung in a hot-air circulating constant temperature chamber 
maintained at ISO** C under no tension, these films are taken out from the chamber after held in the charrfcer for 30 min- 
utes, and the distance (L (mm)) between the two points off the films is measured. Thermal shrinkages (unit: %) obtained 
from the fdfowing equation are averaged. 
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I thermal shrinkage = 100 x [(Lq - L)A.o] 

(16) film thickness 

5 [0117] The total thickness of the fBm is obtained by averaging thicknesses at 10 points which are measured ran- 
domly by a miaometer. A uHra-thin piece of the f Dm is observed under a transmission electron microscope to obtain the 
thickness of the layer from the cross section of the layer as in the measurement of the parttele diameters of the particles 
in the film. 

10 (17) electromagnetic conversion characteristics (A) 

[0118] A magnetic coating prepared as follows is applied to the flat surtoce of the film to a thickness of 1.2 pm. 
aligned in a DC magnetic field of 2,500 Gauss, dried by heating at 120*" C and subiected to super-calendering (linear 
pressure: 300 kg/cm. temperature: 90*" C). and the resulting fOm is wound up into a roll. This roll is left in an oven at 55*" 
IS C for three days. 

( preparation of magnetic coating ) 

[0119] After the composition shown below is charged into a bail mill, kneaded for 16 hours and dispersed. 5 parts 
20 by weight of an isocyanate compound (Desmoduie L of Bayer AG) is added to the bail mill and dispersed by high-speed 
shearing for one hour to prepare a magnetic coating. 

* composition of coating: 

25 [0120] 



needle-like Fe particles 


100 parts by weight 


vinyl chloride-vinyl acetate copolymer (Slec 7A of Sekisui Chemical Co., Ud.) 


15 parts by weight 


thennoplastic polyurethane resin 


5 parts by weight 


chromium oxkJe 


5 parts by weight 


cartx>n black 


5 parts by weight 


lecithin 


2 parts by weight 


fatty add ester 


1 part by weight 


toluene 


30 parts by weight 


methyl ethyl ketone 


50 parts by weight 


cyclohexanone 


70 parts by weight 



45 [0121] Further, a coating solution having the following conposition is applied to tfie film surface opposite to the 
magnetic recording layer of the film to a thickness of 0.5 fim as a back coat layer, dried and cut to give a magnetic tape. 

* composition of back coat layer: 

so [0122] 



cait>on black 


100 parts by weight 


thermoplastic polyurethane resin 


60 parts by weight 


isocyanate compound (Colonate L of Nippon Polyurettiane Kbgyo Co.. Lti.) 


18 parts by weight 
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(continued) 





silicone oil 


0.5 part by weight 




methyl ethyl ketone 


250 parts by weight 


5 


toluene 


50 parts by weight 



[0123] The characteristiG properties of the tape is measured using the following commercially available devices. 
10 * used devices: 
[0124] 

8-mm video tape recorder: EDV-6000 of Sony Corp. 
15 C/N measurement: noise meter of ShibasoKu Co.. Ltd. 



(a) C/N measurement 

[01251 A signal having a recording wavelength of 0.5 >im (frequency of about 7.4 MHz) is recorded, the ratio of val- 
20 ues of its reproduction signal at 6.4 MHz and 7.4 MHz is taken as C/N of the tape, and C/N is evaluated based on the 
following criteria with the value obtained in the following Comparative Example 9 as a reference. 



25 



not smaller than (re^ence + 3 dB) 

smaller than (reference + 3 dB) to (reference + 1 dB) 

smaller than (reference + 1 dB) 



® 

o 

X 



30 



35 



40 



(b) drop-outs 

[0126] The number of drop-outs per ntinute at 20 |is/20 dB was measured using a (frop-out counter. 



0 to 19 drop-outs per minute 
20 or more drop-outs per minute 



O 
X 



(c) running durability 



[0127] The C/N of the tape was measured after the recording and reproduction of the tape at a tape running speed 
of 85 cnVmin. a temperature of 25*» C and a humidity of 55 %RH were repeated 1 .000 times. The running durability of 
45 the tape was evaluated on the following criteria on the basis of the amount of deviation from the initial value. 



deviation from initial 
value 


ey^aluation 


-1.0 dB or higher 
less than -1.0 dB 


o 

X 



55 

(18) electromagnetic conversion characteristics (B) 

[0128] A ferromagnetic thffi film made of 100% of cobalt is formed on the surbce of the film layer B by vacuum 
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' vapor deposition to form two layers having a total thickness of 0.02 (each has a thickness of about 0.01 ^m). Then, 
a diamond-like caitx>n (DLC) film and a f iuorine-containing cartx3xy!ic acid-based lubricant layer are formed in turn on 
the surface of the above layers, and a back coat layer is formed on the surface opposite to the magnetic layer by a 
known method. Thereafter, the obtained f Qm is slit to a width of 8 mm and loaded in a commercial 8-mm video cassette. 
5 The characteristic properties of the tape are measured using the following commercially available devk:es. 

* used devices: 
[0129] 

10 

8-mm vkleo tape recorder: EDV-6000 of Sony Corp. 
C/N measurement: noise meter of ShlDasoku Ca. Ltd. 

(a) C/N measurement 

75 

[0130] A signal having a recording wavelength of 0.5 |im (frequency of about 7.4 MHz) is recorded, the ratio of val- 
ues of its reproduction signal at 6.4 MHz and 7.4 MHz is taken as C/N of the tape, the C/N of a deposited t^e for a 
commercially available 8 mm video is regarded as 0 dB. and C/N is evaluated with a relative value based on the follow- 
ing criteria. 



relative value 


C/N 


not smaller than (reference + 3 dB) 


@ 


smaller than (reference + 3 dB) to (reference + 1 dB) 


O 


smaller than (reference -i- 1 dB) 


X 



30 (b) running durability 

[01 31 ] The C/N of the tape is measured after the recording and reproduction of the tape at a tape running speed of 
85 cm/min. a temperature of 55** C and a humidity of 75 %RH are repeated 400 times. The running durability of the tape 
is evaluated on the following criteria on the basis of the antount of deviation from the initial value. 



deviation from initial value 


evaluation 


not less than -fO.O dB 


® 


-1 .0 dB or higher and less than +0.0 dB 


O 


less than -1.0 dB 


X 



45 (19) heat and humidity stability 

[01 32] The tape is left to stand at a temperature of GO"" C and a humkJity of 80 %RH for 90 hours to observe visually 
if the deposited surtece thereof is conroded. The heat and humidity stability of the tape is evaluated on the basis of the 
following criteria. 



result of visual ok)sena- 
tion 


evaluation 


not con-oded 
corroded 


O 
X 
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(20) content of halogen ions 

[0133] This is measured in the manner consisting of the following steps. 

1) Ten milliliters of ultra-pure water is charged in a petri dish-type Teflon container. 

2) A sample obtained by cutting the film to a square shape each side length of which is 5 cm is floated on the water 
with the extraction surface thereof lacing the water. 

3) Ultrasound is applied to the sample for 30 minutes. 

4) The obtained extract is analyzed by ion chromatography. 

< measurement conditions for bn chromatography ) 
[0134] 

model: 40001 of Dionex Co.. Ltd. 

column: lonpac AG4A-SC/AS4A-SC 

eluant: 1 .80 mM of NagCOs + 1 .70 mM of NaHCOa 

regenerant: 0.025 N of H2SO4 

detector: electrical conductivity 

flow rate: 1.5 ml/min 

suppressor: miaomembrane suppressor 
detected Ions: F, Or, NOa'. Br, NO3-, P04^ SO42- 

(21) content of organic polar solvent 

[01 35] One to 1 00 milligrams of a sample film is accurately weighed according to the residual solvent, and the sam- 
ple film is measured by a gas chromatograph (GC) using thermal extraction under the following conditions, measure- 
ment conditions 

GC model: 5890 series II (of HEWLETT PACKARD) 

column: DB-1 7 (O.25mm0 x 30 m x 0.5 jim. J&W) 

column temperature: 160 to 220" C for 2 minutes at 8° CAnin 

injection port temperature: 300** C with split ratio of 1/60 
HS model: JMS-100 (of Nippon Bunseki Kbgyo Co., Ud.) 

temperature and time for heat treatment: 280'' C x 10 min 

adsorption temperature and adsorbent: -eO"* C and quartz wool 

temperature and time for desorption: 20 to 255'' C and 20 seconds 

Example 1 

[0136] Twenty five mole percent of p-phenylenediamlne and 25 mol% of 3,4^laminodiphenyl ether as diamine 
components and 50 mol% off terephthalic add chloride as an acid component were polymerized in NMP (N-methyl pyr- 
rolidone). 

[0137] The obtained polymer was divided into two portions. Then, for the film layer A. a NMP sluny of caldum 
hydroxide having an average particle diameter of 2,000 nm was prepared by dispersing calcium hydroxide having an 
average partide diameter of 8.000 nm (a product of Inoue Sekkai Co., Ud.) in NMP by a homogenizer. grinding the 
resulting mixture by a sand grinder to have an average partide diameter of 3.000 nm and filtering the resulting partides 
with a 50-nm-mesh filter (HDC II. a product of Nippon Poll Co., Ltd.). This NMP slurry was added to one of the two por- 
tions of the polymer in such an amount that ensured that 50.4 mol% of caldum hydroxide should con-espond with 50 
moI% of the terephthalic add chloride used above, to prepare a f ilm-fomiing stock solution (A) having a pH of 4.7. This 
portion of the polymer had a logarithmic viscosity of 3.5. 

[0138] A f ilm-fomting stock sdutfon (B) having a pH of 3.8 was prepared for the film layer B by adding a NMP slurry 
of caldum hydroxide having an average partide diameter of 2.000 nm to the other portion of the polymer (which had a 
logarithmic viscosity of 3.5). 

[0139] These stock solutions were formed into a lanfttnate of two layers in a cap such that each of the layer A and 
the layer B of a target film should have a thickness of 2.0 ^im. The laminate was cast on a metal belt at 1 00* C, dried for 
two minutes at 100*^ C. and then dried at 120** C and 150* C stepwise for 10 minutes in total to obtain an unstretched 
film having self-holding properties. The unstretched film was obtained with the f flm layer A exposed to air and the film 
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^ layer B racing the belt The unstretched film was peeled off from the belt continuously and introduced into water bath to 
remove the solvent and the salt. 

[0140] The resulting unstretched film laminate was stretched to 2.7 times in a longitudinal direction at 350** C 
between low-speed and high-speed rolls, supplied to a tenter, stretched to 2.7 times in a transverse direction at 380** C 
5 to obtain a biaxially oriented film, which was then sii^jected to heat treatment at 400^ C for one minute to obtain an aro- 
matic polyamide film laminate having a final thickness of 4.0 \m 

[0141] The residual particles of the neutralization agent in the film layer A of the obtained aromatic polyamide film 
laminate had an average partide diameter of 400 nm. On the other hand, no particles which could be considered as the 
residual particles of the neutralization agent were found in the film layer B. Physical properties and characteristic prop- 
10 erties of the obtained film laminate are shown in Table 2. 

Example 2 

[0142] An aromatic polyamide film laminate having a final thickness of 4.0 pm was obtained under the condition 
15 shown in Table 1 and in tiie same manner as in Example 1 except that the pH of ttie stock solution forming tiie film layer 
B was changed to 4.5. The physical properties and characteristic properties of tiie obtained film lanunate are shown in 
Table 2. 

Examples 

20 

[0143] An aromatic polyamkle film laminate was obtained in tiie same manner as in Example 1 except that the 
diamine component (50 mol% in total) consisted of 37.5 mol% of p-phenylenediamine and 12.5 mol% of 3,4*-dianvn- 
odiphenyl etiier. The physical properties and characteristic properties of the obtained film laminate are shown In Table 
2. 

25 

Example 4 

[0144] An aromatic polyamide film laminate was obtained in tiie same manner as in Example 1 except ttiat tiie 
diamine component (50 mol% in total) consisted of 12.5 mol% of p-phenylenediamine and 37.5 mol% of 3,4''diamin- 
30 od^henyl ether. The physical properties and characteristic properties of the obtained film laminate are shown in Table 
2. 

Example 5 

35 [0145] A stock solution having a pH of 5.5 was prepared by adding a NMP slurry of calcium hydroxide having an 
average particle diameter of 1 ,300 rm, while another stock solution having a pH of 4.3 was prepared by adding a NMP 
slurry of calcium hydroxide having an average particle diameter of 3.000 nm (logarittimic viscosity: 3.5). 
[0146] An aromatic polyamide film laminate having a final tiiickness of 20 ^im was obtained in the same manner as 
in Exanple 2 except tiiat the tiiickness of each of the two layers was changed to 10 |jm and that tiie particle diameters 

40 were changed as shown in Table 1 . The physcal properties and characteristic properties of the obtained film laminate 
are shown in Table 2. 

Comparative Example 1 

45 [0147] An aromatic polyamide film laminate having a final thickness of 4.0 ^un was obtained under ttie condition 
shown in Table 1 and in the same manner as in Example 1 except tiiat tiie sfretching step was omitted. The physical 
properties and characteristic properties of tiie film laminate are shown in Table 2. Since tiie film laminate was not 
stretched, sufficient protrusions were not on tiie surface ttiereof. Therefore, it has a large friction coefficient and a poor 
winding property. 

so 

Comparative Example 2 

[0148] An aromatic polyamide film laminate having a final thickness of 4.0 \im was obtained under the condition 
shown in Table 1 and in ttie same manner as in Example 1 except tiiat ttie pH of tiie film-forming stock solution for ttie 
55 film layer A and that for the film layer B were botti changed to 3.6 and ttiat neutralizing agent particles were removed 
from botii of the layers. The physical properties and characteristic properties of ttie obtained film laminate are shown in 
Table 2. It is understood that ttie laminate has poor handling properties. 
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Comparative Example 3 

[0149J A film-forming stock solution was prepared in the manner as in Example 1 except that a NMP slunry of cal- 
cium hydroxide was ground by a sand grinder to have an average particle diameter of 1 ,000 nm and filtrated with a 20- 
nm-mesh filter (HDC II, a product of Nippon Poll Co., Ltd.) to prepare a NMP slurry of calcium hydroxide having an aver- 
age particle diameter of 350 nm. which was then added to a polymerization system to adjust the pH of the obtained film- 
forming stock solution to 3.5 and that neutralizing agent particles were removed. 

[0150] The obtained stock solution was divided into two portions, one of which is supplied to the first layer of a 
three-layer die and is to the third layer of the die. so that they form both surface layers of the film laminate. A spherical 
silica having an average particle diameter of 1 .5 ^m was added to and mixed with the other portion of the stock solution 
in an amount of 0.3 wt% based on the solid content of the resin, and the resulting mixture was fed into the second layer 
of the die to be the intermediate layer of the film. An aromatic pdyamide film laminate having a final thickness of 5.0 ^m 
(each of the surface layers has a thickness of 1 .0 ^m) was then prepared in accordance with Example 1 . The physical 
properties and characterlstk; properties of the film laminate are shown in Table 2. It is understood that the laminate has 
poor handling properties. 

Comparative Example 4 

[01 51 ] A single-layer aromatic polyamide film having a final thickness of 5.0 Mm was obtained using only the film- 
forming stock solution containing the spherical silica for the second layer in Comparative Example 3 under the condition 
shown in Table 1 . The physical properties and characteristic properties of the film are shown in Table 2. It is understood 
that tiie film has poor abrasion resistance because an externally added partides-containing layer is exposed as the out- 
ermost layer. 

Comparative Example 5 

[0152] An aromatic polyamide film laminate having a final thickness of 4.0 ^m was obtained under tiie condition 
shown in Table 1 and in accordance witti Example 1 except that tfie particle diameter of tiie neutralizing agent before 
its addition was changed to 22,000 nm and ttie pH of tiie f Invfonning stock solution for tiie film layer A was adjusted to 
4.5 so that coarse protmsions were formed on tiie surface of tiie film. The physical properties and characteristic prop- 
erties of tiie film laminate are shown in Table 2. It is understood ttiat tiie laminate has a large vokl ratio and poor abra- 
sion resistance. 

Comparative Example 6 

[0153] A film-forming stock solution for the film layer A was prepared in ttie same manner as in Example 2, and a 
spherical silica having an average particle diameter of 400 nm was added to the stock solution in such an anriount that 
its proportion should be 0.2 % of tie solid content of the resin. An aromatic polyamide film laminate having a final thick- 
ness of 4.0 Jim was obtained using the same film layer B and film-forming condition as ttiose used in Example 2. It is 
understood ttiat the laminate has a large void ratfo and poor abrasion resistance because tiie particles contained in an 
inorganic particles-containing layer are externally added particles. 



18 



EP 1022 132 A1 



10 



15 



20 



25 



H 

I 



30 



35 



40 








45 



^ 8 



50 



CM 



S 




o 
o 
o 



5 
6 



in 
cs 



o 
o 
m 




CO 



o 
o 
o 

* 

CM 



8 

3 



in 



in 
cs 



in 



in 



s 

5 




cs 



s 

3 



m 
cs 
\ 
in 
cs 



1 § 

a; g 

(0 O 

«S 4) H 

O I 

O ft H 

o 

K Q M 

* 04 ^ 

U Pi 



Oi 



3 5 



• g 

H ® 

§^ 

•a -H 

O CQ 

c 

§ s 

I 

- >1 

^ H 

fli 

~ s 

» « 



55 



Id 



EP1022132A1 



Table 1 (continued) 





layer B 


film 
tbickness 

(pm) 


neutralizing 
agent 
particles 




particle dlanster 
afterneutrzillzatioii 
(nn) 


Ex.l 


Ca(CH), 


3.8 


pai±lcles caqpletely 
dissolved 


4.0 


Ex.2 


Ca(CH), 


4.5 


50 


4.0 


Ex.3 


Ca(GH)2 


3.8 


particles completely 
dissolved 


4.0 


Ex.4 


Ca(GH)2 


3.8 


particles conDletelv 
dissolved 


4.0 


Ex.5 


Ca(GH), 


3.8 


400 


20.0 


C.Ex.l 


Ca(CH), 


3.8 


particles ooaculetely 
dissolved 


4.0 

- 


C.Bx.2 


Ca(CH), 


3.6 


particles coqpletely 
dissolved 


4.0 


C.Ex.3 
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3.5 


particles cooftletely 
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C.Bz.4 
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C.Bx.5 


Ca(OH), 


3.8 


50 


4.0 


C.Ex.6 


Ca(CH), 
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50 


4.0 
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' Examples 

[0154] Twenty five mole percent of p-phenylenediamine and 25 moi% of 3,4*-diaminodiphenyl ether as diamine 
components and 50 mol% of terephthalic ackJ chloride as an acid component were polymerized in NMP (N-methyl pyr- 
5 rdidone). 

[01551 Meanwhile, a NMP slurry of calcium hydroxide having an average particle diameter of 1.900 nm was pre- 
pared t>y dispersing calcium hydroxide having an average particle diameter of 8,000 nm (a product of Inoue Sekkai Ca. 
Ltd.) in NMP by a homogenize^ grinding the resulting mixture by a sand grinder to have an average particle diameter 
of 2,800 nm and filtering the resulting particles with a 50-^m-mesh filter (HDC II, a product of Nippon Poll Co., Ltd.). 

10 [0156] The above polymer was divided into two portions, and the above NMP slurry was added to one of the two 
portions of the polymer in such an amount that ensure that 50.2 mol% of calcium hydroxide should cone^rd with 
50 moi% of the terephthalic add chloride used above, to prepare a film-forming stock solutbn (A) for the layer A. The 
f ilm-fornung stock solution (A) had a pH of 4.7. Thte portion of the polymer had a k)garithmic vtecosity of 3.5. 
[0157] A film-forming stock solution (B) was prepared for the film layer B by grinding the at>ove slurry of calcium 

15 hydroxkle by a sand grinder to have an average particle diameter of 900 nm, filtering the resulting particles with a 20- 
^m-mesh filter (HDC II. a product of Nippon Poll Co., Ltd.) to have an average particle diameter of 600 nm and adding 
the resulting slunry to the other portion of the polymer in such an amount that ensured that 50.3 mol% of calcium hydrox- 
ide should correspond with 50 mol% of the terephthalic acid chloride used above. The film-forming stock solution (B) 
had a pH of 4.9. This portion of the polymer had a logarithmic viscosity of 3.5. 

20 [0158] The obtained film-forming stock solutions (A) and (B) were heated to 100"" C and formed into a laminate of 
two layers in a cap at 100"" C such that the layer A and the layer B of a product f3m shouki have a thickness of 0.5 ^m 
and a thickness of 5.5 pm. respectively The laminate was cast on a metal belt at 100"" C, dri^ for two minutes at lOO"" 
C, and then dried at 120"* C and 150'' C stepwise for 10 minutes in total to obtain an unstretched film laminate having 
self-hoMing properties. The unstretched film laminate was obtained with the layer A lacing the belt. After the 

25 unstretched film laminate was peeled off from the belt continuously and introduced into water bath to remove the sol- 
vent and the salt it was dried at 1 50'' C for 1 5 minutes. 

[0159] The obtained unstretohed film laminate was stretched to 2.5 times in a tongitudinal directk>n at SSO"" C 
between low-^eed and high-speed rolls, supplied to a tenter, stretch^ to 3.0 times in a transverse direction at 380'' C 
to obtain a biaxiatiy oriented film laminate, which was then subjected to heat treatment at 400"^ C for one minute to 
30 obtain an aromatk: polyamide film laminate having a final thickness of 6.0 pm. 

[0160] The residual particles of the naitralization agents in the film layer A and the film layer B of the otntained film 
laminate had average particle diameters of 300 nm and 100 nm. respectively The other constitutions, physical proper- 
ties of the obtained film laminate and characteristk: properties of the coated magnette tape are shown in Table 4 and 
Table 5. 

35 

Examples 7 to 11 

[01 61 ] Films having the compositions shown in Table 3 were prepared in accordance with Example 6 and under the 
conditions shown in Table 2. The physical properties of these aronatic polyamide film laminates and the characteristic 
40 properties of the coated magnetic tapes produced tiieref rom are shown in Table 4 and Table 5. 

Example 12 

[0162] A polymer was prepared by can-ying out polymerization in accordance witti Example 6 and divkfed into two 
45 portions. To one of tfiem was added a slurry of calcium hydroxide such that tiie particle diameter of the neutralizing 
agent particles was to be 1 .600 nm at the time of its addition and 300 nm after neutralization, and a film-forming stock 
solution (A) witii a pH of 4.9 was prepared. 

[0163] To the other portion was added a slun-y of calcium hydroxide having an average particle diameter of 1 ,600 
nm to prepare a film-forming stock solution (C) witii a pH of 3.6. No particles derived from tiie residue of tiie neutralizing 
so agent were found in the film-forming stock solution (C). A three-layer film laminate having a layer composition of (A)- 
(C)-(A) (2.5 ^m. 4.0 ^m, 0.5 pm in tiiickness. respectively) was prepared in accordance with Exanple 1 from a three- 
layer cap using two extruders. The layer having a final thickness of 2.5 ^m was taken as the layer A. which was to face 
a metal bell at the time of casting. The physical properties of the obtained film laminate and the characteristic properties 
of the coated magnetic tape produced therefrom are shown in Table 4 and Table 5. 

55 

Example 13 

[0164] An aromatic polyanrude film laminate was obtained in tiie same manner as in Example 6 except that the 
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diamine component (50 mol% in totaQ consisted of 37.5 mol% of p^enylenediamine and 12.5 mol% of 3,4*<liamin- 
odiphenyi ether and that the thicknesses of the layer A and the layer B were changed as shown in Table 3. The physical 
properties of the film laminate and the characteristic properties of the coated magnetic tape produced therefrom are 
shown in Table 4 and Table 5. 

5 

Example 14 

[0165] An aromatic polyamide film laminate was obtained In the same manner as in Example 6 except that the 
diamine component (50 mol% in total) consisted of 12.5 mol% of p-phenylenediamine and 37.5 mol% of 3.4*-diamin- 
10 odiphenyl ether and that the tNcknesses of the layer A and the layer B were changed as shown in Table 3. The physical 
properties of the film laminate and the characteristic properties of the coated magnetic tape produced therefrom are 
shown in Table 4 and Table 5. 

Conrparative Examples 7, 9 and 10 

15 

[0166] Sanple films having the compositions shown in Tables 3 and 4 were prepared in accordance with Example 
6 and under the conditions shown in Tables 3 and 4. The physical properties of the film laminate and the characteristic 
properties of the coated magnetic tape produced therefrom are shown in Table 4 and Table 5. 

20 Comparative Example 8 

[0167] Taking the film-forming stock solution (C) of Example 1 2 as the layer A. a film laminate having the composi- 
tion shown in Tables 3 and 4 was prepared in accordance with Example 6 and under the condition shown in Tables 3 
and 4. The physical properties of the film laminate and the characteristic properties of the coated magnetic tape pro- 
25 duced therefrom are shown In Table 4 and Table 5. 

(}omparative Example 1 1 

[0168] A film laminate shown in Table 3 was prepared in accordance with Exanrple 6 by dividing the film-forming 
30 stock solutton (C) of Example 12 into two portk)ns. one of which was mixed with a spherical silica (having a particle 
diameter of 600 nm) to form a film-forming stock solution for the layer A and the other of which was directly used as a 
film-forming stock solution for the layer B. The physical properties of the film laminate and the characteristic properties 
of the coated magnetic tape produced therefrom are shown in Table 4 and Table 5. 
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Table 5 (continued) 





nmrii nn friction 

coefficient of 
la!yer B (film 
against pin) 


(A) 




Kuxjnjji9 
durabllltv 


Ex.6 


o 


@ 


O 


o 


Bk.7 


o 


o 


o 


o 


Bx.8 


o 




o 


o 


Ex.9 


o 


© 


o 


o 


Ex.10 


- o 


@ 


o 


o 


Ex. 11 


o 


o 


o 


o 


Ex.12 


@ 


o 


o 


o 


Ex.13 


o 


o 


o 


o 


Ex.14 


o 


© 


o 


o 


C.Bx.7 


X 


X 


o 


X 


C.BX.8 


o 


© 


o 


X 


C.Bx.9 


© 


X 


X 


o 


C.Ex.lO 


o 


© 


X 


o 


C.Ex.ll 


X 


© 


X 


X 



Ex.: Bxan^le C.Bx.: Comparative Bxample 



Example 15 

[0169] Twenty five mole percent of p-phenylenediamine and 25 mol% of 3.4'-diaminodiphenyl ether as diamine 
connponerTts and 50 mol% of terepWhalic acid chloride as an acid component were polymerized in NMP (N-methyi pyr- 
rdidone). Meanwhile, a NMP slurry of calcium hydroxide having an average particle diameter of 2,500 nm was pre- 
pared for the layer A by dispersing calcium hydroxide having an average particle diameter of 8,000 nm (a product of 
Inoue Sekkai Co., Ltd.) in NMP by a homogenizer. grinding the resulting mixture by a sand grinder to have an average 
particle diameter of 4.000 nm and filtering the resulting particles with a 50-jim-mesh filter (HDC II, a product of Nippon 
Poll Co.. Ltd.). Then, a NMP slurry of caldum hydroxide having an average particle diameter of 700 nm was prepared 
as a neutralizing agent for ttie layer B by grinding the above slurry by a sand grinder to have an average particle diam- 
eter of 1 ,000 nm and filtering tiie resulting particles with a 20-^nfvmesh filter (HDC II, a product of Nippon Poll Co., Ud.). 
The above polymer was divided into two portions, and the slurry having an average partide diameter of 2,500 nm was 
added to one of tiie two portions of the polymer and the slurry having an average particle diameter of 700 nm to tiie 
otiier portion of the polymer in such amounts that ensured that 50.2 mol% of calcium hydroxide and 50.1 moI% of cal- 
cium hydroxide should correspond with 50 mol% of the terephtiiaiic add chloride used above, to prepare a film-forming 
stock sdution (A) for the film layer (A) and a f ilm-fomiing stock solution (B) for the film layer (B). The film-forming stock 
solution (A) had a pH of 4.7 while the film-forming stock solution (B) had a pH of 4.5. Each of tiie two portions of tiie 
polymer had a logarittimic viscosity of 3.5. 

[0170] The obtained film-forming stock sdutions (A) and (B) were heated to 100** C and formed into a laminate of 
two layers in a cap at 1 0O"" C such ttiat the layer A and the layer B of a product film shoukJ have a ttiickness of 1 .0 ^ 
and a fliickness of 3.0 pm. respectively. The laminate was cast on a metal belt at lOO"" C. dried for two minutes at lOO"" 
C. and tiien dried at 120* C and 150* C stepwise for 10 minutes in total to obtain an unsti^etched fflm laminate having 
self-hokjing properties. The unstretched film was obtained witti ttie layer A facing the belt. After tiie unstretched film 
laminate was peeled off from the belt continuously and introduced nito water batti to remove the solvent and the salt, it 
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was dried at 1 8(r C for three minutes. 

[0171] The obtained unstretched film laminate was stretched to 2.5 times in a longitudinal direction at 350** C 
between low-speed and high-speed rolls, supplied to a tenter, stretched to 3.0 times in a transverse direction at 380'' C 
to obtain a biaxially oriented film, which was then subjected to heat treatment at 400'' C for one minute to obtain an aro- 
matic polyamide film laminate having a final thickness of 4.0 ^m. 

[0172] The residual particles of the neutralization agents in the fflm layer A and the film layer B of the obtained f Dm 
laminate had average particle diameters of 400 nm and 100 nm. respectively. Physical properties of the obtained film 
laminate and characteristic properties of the metal thin film magnetic tape are shown in Table 6 and Table 7. 

Examples 16 to 23 

[0173] Aromatic polyamide film laminates were obtained under the conditions shown in Table 6 and Table 7 and in 
accordance with Example 15. The physical properties of these film laminates and the characteristic prcperties of the 
metal thin film magnetic tapes produced from these film laminate are shown in Table 6 and Table 7. 

Comparative Example 12 

[0174] An aromatic polyamide film laminate having a final thickness of 4.0 ^m was obtained in the same manner as 
in Example 15 except that stretching was not carried out. The physical properties of the obtained fflm laminate and the 
characteristic properties of the metal thin film magnetic tape produced from these film laminate are shown in Table 6 
and Table 7. 

Comparative Example 13 

[0175] A film-forming stock solution (B) was prepared in the same manner as in Example 15 except that the poly- 
mer for the layer B was not neutralized. After a laminate of the layer A and the layer B was cast on a metal belt and dried 
in the same manner as in Example 15 until it acquired self-holding properties, the laminate was further dried at ISO*" C 
for five minutes without being treated with water and stretched and sulijected to heat treatment in the same manner as 
in Example 1 5 to obtain an aromatic polyamide film laminate having a final thickness of 4.0 \im. The physical properties 
of the obtained film laminate and the characteristic properties of the metal thin film magnetic tape produced from tiie 
film laminate are shown in Table 6 and Table 7. Since the film laminate was not treated with water, chtorine ions 
remained, causing poor heat-and-humidity stability. 

Comparative Examples 14 and 15 

[01 76] Aromatic polyamide film laminates were obtained under tiie conditions shown in Table 6 and Table 7 and in 
accordance with Example 15. The physical properties of these film laminates and the characteristic properties of the 
nietal tiiin film magnetic tapes produced from tiiese film laminates are shown in Table 6 and Table 7. In Comparative 
Example 14. the obtained film laminate had poor abrasion resistance because particles contained in tiie layer A were 
too large in size and large protrusions were tiansferred to tfie metal ttiin film, so that the obtained tape had poor elec- 
tromagnetic conversion characteristics. In Comparative Example 15. on tiie ottier hand, the abrasion resistance of ttie 
layer B of the obtained film laminate was poor because the surface of tiie layer B was too rough, and the obtained mag- 
netic tape had poor electromagnetic conversion characteristics. 

Comparative Example 16 

[0177] A magnetic tape was prepared by forming a metal thin film layer on tfie layer A of the film laminate of Exam- 
ple 15 and forming a back coat layer on tiie layer B tiiereof. The physical properties of the obtained film laminate and 
tiie characteristic properties of tiie metal thin film magnetic tape produced from tiie film laminate are shown in Table 6 
and Table 7. The tape had poor electromagnetic conversion characteristics because tiie film surface on which the metal 
thin film layer had been formed was rough. 

Comparative Example 17 

[0178] A polymer solution prepared to obtain a film-fomning stock solution having a pH of 3.6 was neutrafized by 
using calcium hydroxide having an average particle diameter of 700 nm as a neutralizing agent. The neutralized poly- 
mer was divided into two portions. A film-forming stock solution (A) and a film-forming stock solution (B) were prepared 
by adding a spherical silica having an average particle diameter of 500 nm to one of tiie two portfons of the polymer and 
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a slurry prepared by dispersing a spherical silica having an average partide diameter of 20 nm in NMP to the other por- 
tion of the polymer, respectively Thereafter, an aromatic potyamide film laminate was obtained in accordance with 
Example 15. The physical properties of this film and the characteristic properties of the metal thin film magnetic tape 
produced from this film are shown in Table 6 and Table 7. The resdue of the neutrafizing agent was not found in the 
obtained film. 

[01 79] The spherical silica added caused the formation of large voids in the layer A and many agglomerates in the 
layer B. Therefore, both of the layers had poor abrasion resistance. 
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Example 24 ' 

[0180] Twenty five mole percent of p-phenylenediamine and 25 mol% of 3.4'<liaminodiphenyl ether as diamine 
components and 50 mol% of terephthalic add chloride as an acid component were polymerized in NMP (N-methyl pyr- 

5 rolidone). Meanwhile, a NMP slurry of calcium hydroxide having an average particle diameter of 3,800 nm was pre- 
pared for the layer A by dispersing calcium hydroxide having an average particle diameter of 8.000 nm (a product of 
Inoue Sekkai Co.. Lid.) in NMP by a homogenizer. grinding the resulting mixture by a sand grinder to have an average 
particle diameter of 5,000 nm and filtering the resulting particles with a 50-^-mesh filter (HDC II, a product of Nippon 
Poll Co.. Ltd.). Then, a NMP sluny of calcium hydroxide having an average particle diameter of 800 nm was prepared 

10 as a neutralizing agent for the layer B by grinding the above slurry by a sand grinder to have an average particle diam- 
eter of 1 ,000 nm and filtering the resulting particles with a 20-jinwnesh filter (HDC II, a product of Nippon Poll Co.. Ltd.). 
The above polymer was divided into two portions, and the slurry having an average particle diameter of 3.800 nm was 
added to one of the two portions of the polymer and the slurry having an average particle diameter of 800 nm to the 
other portion of the polymer in such amounts that ensured that 48.1 nx)l% of calcium hydroxide and 50.2 mol% of cal- 

15 cium hydroxide should correspond with 50 mot% of the terephtiialic acid chloride used above, to prepare a film-forming 
stock solution (A) for tiie film layer (A) and a film-forming stock solution (B) fa the film layer (B). The film-forming stock 
solution (A) had a pH of 4.7 while tiie film-forming stock solution (B) had a pH of 3.7. Each of the two portions of the 
polymer had a logarithmic viscosity of 3.5. 

[0181] The obtained film-forming stock solutions (A) and (B) were heated to lOO*' C. filtered witii a 3-pnr>-mesh filter, 
20 formed into a laminate of two layers in a cap at lOO"" C such tiiat the layer A and the layer B of a product film should 
have a tiiickness of 1.0 ^m and a thickness of 3.0 ^m, respectively. The laminate was cast on a metal belt at 100*" C, 
dried for two minutes at lOO"" C, and then dried at 120"" C and 150^ C stepwise for 10 minutes in total to obtain an 
unsti-etched film laminate having self-holding properties. The unstretched film was obtained witii tiie layer A facing tiie 
belt. After tiie unsti'etehed film laminate was peeled off from tiie belt continuously and intiroduced into water balh to 
25 remove the solvent and the salt, it was dried at 180"* C for tfiree minutes. 

[0182] The obtained unstretched film laminate was str^ched to 2.5 times in a longitudinal direction at 350"" C 
between low-speed and high-speed rolls, supplied to a tenter, stretched to 3.0 times in a transverse direction at 380'' C 
to obtain a biaxially oriented film laminate, which was then sut^jecled to heat treatment at 400"" C for one minute to 
obtain an aromatic polyamide film laminate having a final thickness of 4.0 ^m. 
30 [0183] In the obtained film laminate, tiie particles of tiie neutralization agent added in ttie f im layer B were com- 
pletely dissolved while those in the film layer A had an average particle diameter of 600 nm. Physical properties of tiie 
obtained film laminate and characteristic properties of the metal tiiin film magnetic tape produced from tiie film laminate 
are shown in Table 8 and Table 9. 

35 Examples 25 to 32 

[0184] Aromatic polyamide film laminates were prepared under ttie conditions shown in Table 8 and Table 9 and in 
accordance witii Example 24. The ratio of the total number of moles of the two diamine components to the number of 
moles of terephtiialic add dichloride was adjusted to be 1 :1 . The physical properties of tiiese films and the character- 
40 istic properties of ttie metal thin film magnetic tapes produced from ttiese films are shown in Table 8 and Table 9. 

Comparative Example 18 

[0185] The film-forming stock solution (B) of Example 24 was divided into two portions. Then, a f im-forming stock 
45 solution (B) was formed by adding a spherical silica having an average particle diameter of 600 nm to one of the two 
portions of tiie solution (B), and an aromatic polyamide film laminate having a final thickness of 4 fim was obtained in 
tiie same manner as in Example 24. The physical properties of tiie obtained film laminate and tiie characteristic prop- 
erties of the metal thin film magnetic tape produced from tiie film laminate are shown in Table 8 and Table 9. Since tiie 
particles contained were externally added particles, voids were formed around tiie particles due to tiie lack of affinity of 
50 the particles for the film and caused particles to fall off, whereby frequent drop-outs occurred. 

Comparative Exanple 19 

[0186] An aromatic polyamide film laminate having a final ttiickness of 4.0 ^m was obtained in tiie same manner as 
55 in E)ample 24 except ttiat stretching was not candied out The physical properties of tiie obtained film laminate and the 
characteristic properties of the metal tiiin film magnetic tape produced from the film laminate are shown in Table 8 and 
Table 9. Since stretching was not carried out. sufficient proti-usions were not formed, witti tiie result of a poor winding 
property. Electromagnetic conversion characteristics were also poor due to insufficient Young's module. 
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< Compamtive Example 20 

[0187] An aromatic polyamide film laminate having a final thickness of 4.0 fun was obtained by casting a laminate 
of the layer A and the layer B on a metal belt in the same manner as in Example 24 using a neutralizing agent shown 

5 in Table 8» drying the laminate in the same manner as in Example 24 until it acquired self-hokfing properties, further 
drying the laminate at 1 80'' C for five minutes without being treated with water, and stretching the laminate and subject* 
ing the stretched laminate to heat treatment in the same manner as in Example 24. The physical properties of the 
obtained film laminate and the characteristic properties of the metal thin film magnetic tape produced from the film lam- 
inate are shown in Table 8 and Table 9. Since the film laminate was not treated with water, chlorine ions remained, caus- 

10 Ing poor heat-and-humkJity stabiGty. 

Comparative Exanple 21 and 22 

[0188] Aromatic polyamide film laminates were obtained under the conditions shown In Table 8 and Table 9 and in 
IS accordance with Example 24. The physical properties of the otJtained film laminates and the characteristic properties 
of the rr^tal thin f 3m magnetic tapes produced from these film laminates are shown in Table 8 and Table 9. In Conpar- 
ative Example 21, the air-venting property of the film laminate and the winding properties of the film laminate and the 
tape were both poor since the particles contained in the layer A are too small in size. In Comparative Example 22, on 
the other hand, since the surface of the layer A was too rough, the electromagn^c conversion characteristics of the 
20 tape were poor and drop-outs occuned frequently. 
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Claims 

I . An aromatic polyamide film laminate comprising at least two biaxially oriented films fomied of an aromatic pdya- 
mide, wherein: 

5 

(1) a film layer A, which is the outermost layer of the laminate, contains inorganic particles produced from 
hydroxides or cartxxiates of at least one metal of the groups la and lla of the periodic table, the inorganic par- 
ticles having an average particle diameter of 80 to 1 ,500 nm, and has a surface roughness (R^) of 1 to 20 nm; 
and 

10 (2) a film layer B, which is the layer opposite to the layer A of the laminate, has a surface roughness (Ra^) of 

0.1 tolOnm; 

(3) the surface roughness (Ra^) of the film layer B being smaller than the surface roughness (Ra^) of the film 
layer Abyl nm or more. 

15 2. The aromatic polyamide film laminate of claim 1 . wherein the density of protrusions on the surface of the film layer 
A is 1 X 10 to 1 X 10^ per mm^. 

3. The aromatic polyamide film laminate of claim 1 , wherein the density of protrusions on the surface of the film layer 
Bisi xlO^tol xlO^permm^. 

20 

4. The aromatic polyamide film laminate of daim 1 . whereafi the film layer A contains the above inorganic particles 
having an average particle diameter of 90 to 1 .200 nm and has a surface roughness (Ra^) of 2 to 10 nm. 

5. The aromatic polyamide film laminate of claim 1 . wherein the film layer B has a surface roughness (Ra^) of 0.1 to 
25 5nm. 

6. The aromatic polyamide film laminate of daim 1, wherein the density of protrusions on the surface of the film layer 
AisSxIOtol xlO^permm^. 

30 7. The aromatic polyamide film laminate of daim 1 , wherein the film layer B contains substantially no partides or con- 
tains solid particles having an average partide diameter of 5 to 600 nm and has a surface roughness (Ra^ of 0.1 
to 10 nm. 

8. The aromatic polyamide film laminate of daim 7, wherein the solid partides are inorganic particles produced from 
35 hydroxides or caritxxiates of at least one metal of the groups la and lla of the periodic table. 

9. The aromatic polyamide film laminate of daim 1 , wherein the total of Young's moduli in longitudinal and transverse 
directions is 2,000 to 4.500 kg/mm^. 

40 10. The aromatic polyamide film laminate of claim 1. wherein the air-vent index is 1 mmHg/hr or more. 

II. The aromatic polyamide film laminate of claim 1. wherein the f lexurai rigidity in a longitudinal direction is 3.0 to 9.5 
mg^mm. 

45 12. The aromatic polyamide film laminate of daim 1 . wherein the tensile strength at break in a longitudinal direction is 
38 to lOOkg/mm^. 

13. The aromatic polyamide film laminate of claim 1. wherein the thermal shrinkage at ISO** C in an ari3itrary direction 
is less than 1 %. 

so 

14. The aromatic polyamide film laminate of claim 1. wherein the friction coeffident is 0.6 or less. 

1 5- The aromatic polyamide film laminate of daim 1 . wherein the content of halogen ions in the film layer B is 50 ng/cnf 
or less. 

55 

1 6. The aromatic polyamide film laminate Of daim 1 , wherein the content of the organic polar solvents In the film layer 
B is 50 ppm or less. 
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' 1 7. The aromatic pdyamide film laminate off daim 1 . wherein the thickness of the f flm laminate is 0. 1 to 20 ^m. 

18. The aromatic polyamide film laminate off daim 1 , wherein the ratio off the thickness off the film layer A to that off the 
ffilm layer Bis 1:9 to 5:5. 

19. The aromatic polyamide film laminate off daim 1 , wherein the aromatic polyamide contains aromatic nude! having 
para- orientation in a proportion off 50 to 99.5% of all the aronruitic nudei forming the main chain. 

20. The aromatic polyamide film laminate off claim 1, wherein the aromatic polyamide conqxises terephthalic add as 
an add component and p-phenytenecfiamine and 3.4'<fiaminodiphenyl ether as diamine components. 

21 . A magnetic recording medium having a magnetic recording medium layer formed on the surface of the film layer B 
of the aromatic polyamide film laminate of daim 1 . 

IS 22. A magnetic recording medium having a coated magnetic recording medium layer formed on the surface of the film 
layer B of the aromatic polyamide film laminate off daim 1 . 

23. A magnetic recording medium having a metal thin ffilm magnetic recording medium layer formed on the surfoce of 
the f Bm layer B off the aromatic polyamkle film lairunate off daim 1 . 

20 
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FIG. I 
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